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Available online 27 October 2016AbstractThe generally accomplished technique for horizontal wells in tight gas reservoirs is by multi-stage hydraulic fracturing, not to mention,
the flow characteristics of a horizontal well with multiple transverse fractures are very intricate. Conventional methods, well as an evaluation
unit, are difficult to accurately predict production capacity of each fracture and productivity differences between wells with a different
number of fractures. Thus, a single fracture sets the minimum evaluation unit, matrix, fractures, and lateral wellbore model that are then
combined integrally to approximate horizontal well with multiple transverse hydraulic fractures in tight gas reservoirs. This paper presents a
new semi-analytical methodology for predicting the production capacity of a horizontal well with multiple transverse hydraulic fractures in
tight gas reservoirs. Firstly, a mathematical flow model used as a medium, which is disturbed by finite conductivity vertical fractures and
rectangular shaped boundaries, is established and explained by the Fourier integral transform. Then the idea of a single stage fracture analysis
is incorporated to establish linear flow model within a single fracture with a variable rate. The Fredholm integral numerical solution is
applicable for the fracture conductivity function. Finally, the pipe flow model along the lateral wellbore is adapted to couple multi-stages
fracture mathematical models, and the equation group of predicting productivity of a multi-stage fractured horizontal well. The whole
flow process from the matrix to bottom-hole and production interference between adjacent fractures is also established. Meanwhile, the
corresponding iterative algorithm of the equations is given. In this case analysis, the productions of each well and fracture are calculated
under the different bottom-hole flowing pressure, and this method also contributes to obtaining the distribution of pressure drop and pro-
duction for every horizontal segment and its changes with effective fracture half-length and conductivity. Application of this technology will
provide gas reservoir engineers a better tool to predict well and fracture productivity, besides optimizing transverse hydraulic fractures
configuration and conductivity along the lateral wellbore.
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There are many transverse fractures with different forms
around a horizontal well after being fractured multi-stage in
tight gas reservoirs, this greatly increases the contact area a
between gas well and the formation. Simultaneously, the flow
conditions around the bottom-hole are improved. The states of
gas flow include Darcy flow in the formation pores, variable
Darcy flow in the hydraulic fractures, and variable pipe flow ins AND Langfang Branch of Research Institute of Petroleum Exploration and Development, Petro-
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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happen between the three flow patterns by means of the
boundary conditions.
In terms of research on finite conductivity fractures, parts
[1] unraveled the flow relationship between the elliptic
fractures and matrix by conformal transformation; this pre-
sented the function relationship between finite conductivity
and effective wellbore diameter. Cinco-Ley [2] evaluated the
flow capacity of fractures with finite conductivity by the
numerical discrete method. Liao [3] researched variable flow
within fractures through transforming elliptic coordinate. On
these bases, the analysis on unstable flow of fractured hori-
zontal well within closed formation, Zerzar [4] obtained the
characteristics of a linear (double) flow in the early stages,
and a quasi-steady flow in the late stages done by the gradual
approximation method; the parameters of the fractured hor-
izontal well were then analyzed. Brown [5] used three linear
flow models to reflect the flow law within the hydraulic
fracture, the inner reservoir between hydraulic fractures, and
the outer reservoir away from the tips of the fracture system.
Regarding the productivity evaluation of fractured horizontal
wells, based on the Joshi [6,7] productivity formula,
Raghavan [8] introduced a method of predicting productivity
of a multi-stage fractured horizontal well, which substitutes
the equivalent wellbore radius (radial flow) for hydraulic
fractures to simulate fluid flow. Wang [9] corrected the
equivalent wellbore diameter of the horizontal wells with
vertical rectangular fractures through introducing the influ-
ence function of finite conductivity fractures. Meanwhile, in
combination with pressure superposition principle, the in-
fluence factors of fractured horizontal well productivity were
evaluated. Wang [10] established the mathematical model
flow of a multi-stage fractured horizontal well; the charac-
teristics include the rectangular closed boundary by means of
the two variables considering gas slippage, the pseudo-Fig. 1. Multi-stage fractured horizonpressure, and the pseudo-time. Based on the wellbore with
infinite conductivity, the change on horizontal well produc-
tivity is analyzed with the various fracture length, fracture
conductivity, the number of fractures, fractured horizontal
well length, and so on. Li [11] established the empirical plate
to evaluate the open flow rate and cumulative production
based on demonstrating the scale of the effective sand. Li
[12] quickly evaluated the horizontal well productivity in
low-permeability and tight gas reservoirs through combining
ideal model with numerical simulation. In this paper, with
the aid of previous research study results, the idea [13] of a
single fracture is introduced to accurately evaluate the pro-
ductivity of fractured horizontal wells in tight gas reservoirs.
By a single fracture serving as a unit, the principle of mass
conservation is applied to couple the elliptic flow in a typical
reservoir, as well as variable flow within fractures and vari-
able pipe flow in the horizontal wellbore. Meanwhile,
considering the interference between the adjacent fractures,
the theoretical formula, and the corresponding algorithm are
established for predicting productivity of fractured horizontal
wells; the practical examples are analyzed for model verifi-
cation. Thus, a new method for predicting productivity of
multi-stage fractured horizontal wells in a tight gas reservoir
is formed.
2. Mathematical model2.1. Flow model in formation with finite conductivity
fractureThere are complex flow types in the reservoir with frac-
tures. The gas in pores flow linearly into fractures across the
surface, the streamline form within limit scope around frac-
tures and is similar to an elliptic flow, and pseudo-radial flow
is usually expressed out of the elliptic flow (Fig. 1).tal well and single fracture flow.
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ductivity in tight gas reservoirs. For that reason, the flow in the
fracture is not negligible. In order to quantitatively describe
the flow characteristics of fractures, some idealizations and
simplifying were made assuming the following:
(1) The formation is homogeneous, and there's uniform
thickness at the top and bottom.
(2) The fractures do not drain beyond the boundaries of this
rectangular geometry (xe  ye) with constant pressure.
(3) The perforated thickness of the fractures, h, is the same as
the thickness of the reservoir. Furthermore, q(x) is the
variable for the length of the fracture.
Definitions of the dimensionless variables are as follows:
PD ¼
0:0786kh

P2i P2

mZTQsc
; qD ¼ 2xf qðxÞ
Qsc
; jD ¼ j
xf
ðj¼ x;yÞ; CfD
¼ kfwf
kxf
The dimensionless control equation and the associated
boundary conditions for the formation around fractures are
given:
v2PD
vx2D
þ v
2PD
vy2D
þ qDðxDÞdðyD  ywDÞ ¼ 0 ð1Þ
PDðxD;0Þ ¼ PDðxD;xeDÞ ð2Þ
and
PDð0;yDÞ ¼ PDðyeD;yDÞ ð3ÞPD ¼
X∞
m¼1
2~qD
xeDyeD
sin
mpxD
xeD
"X∞
n¼1
cos npðyD  ywDÞ=yeD  cos npðyD þ ywDÞ=yeD
p2ðm2=x2eD þ n2=y2eDÞ
#
ð11Þwherein xw, yw are the coordinates of the fracture center, d is
the Dirac function.
In Eq. (1), Fourier finite sine integral of PD and qD along
the direction of xD and yD are given, respectively, by
bPD ¼ ZxeD
0
PD sinðbmxDÞdxD ð4Þ
PD ¼
ZyeD
0
PD sinðgnyDÞdyD ð5Þand
~qD ¼
ZxeD
0
qDðxDÞsinðgnxDÞdxD ð6Þ
where the over-bar symbol indicates various integral transform
direction.
The relationship between the dimensionless pressure
through the double Fourier integral transform and dimen-
sionless fracture production is given, depending on the
boundary conditions Eqs. (2) and (3), by means of
p2

m2
x2eD
þ n
2
y2eD
bPD þ ~qD sin gnywD ¼ 0 ð7Þ
The dimensionless pressure is obtained from Eq. (7) by two
inverse transformations as follows:
PD ¼
X∞
n¼1
sinðgnyDÞ
NðbnÞ
 X∞
m¼1
sinðbmxDÞ
NðbmÞ
bPD
!
ð8Þ
where the eigenvalues are given by
bm ¼ mp=xeD; gn ¼ np=yeD ð9Þ
and the bottom of the norms is given by
NðbmÞ ¼
ZxeD
0
sin2ðbmxDÞdxD ¼
xeD
2
;
NðgnÞ ¼
ZyeD
0
sin2ðgnyDÞdyD ¼
yeD
2
ð10Þ
To substitute Eqs. (7), (9) and (10) into Eq. (8), the formula
for pressure is obtained as follows:Assuming that there's only flux distribution along the
fractures, Eq. (6) becomes
~qD ¼
ZxwDþ1
xwD1
qDðaÞsin

mpa
xeD

da ð12Þ
and the transformation is as follows:X∞
k¼1
cos kpx
k2 þ a2 ¼
p
2a
cosh½apð1 xÞ
sinhðapÞ 
1
2a2
; ½0 x 2p ð13Þ
The solution of the pressure at the intersection point
(xwD,ywD) of the horizontal wellbore and finite conductivity
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follows:PwD þ 2
Xn
i¼1
qDi
X∞
m¼1
8>><>>:
xeD
m2p2
sinmp
xwD þ ðj 0:5ÞDx
xeD

cosmp
xwD þ iDxD
xeD
 cosmpxwD þ ði 1ÞDxD
xeD

cosh½mpyeD=xeD  cosh½mpðyeD  j2ywDjÞ=xeD
sinhðmpyeD=xeDÞ
9>>=>>;
¼ p
CfD
(
ðxwD þ ðj 0:5ÞDxÞ
 
1
Xj1
i¼1
qDiDxD DxD
2
qDj
!
þ
Xj1
i¼1
qDiDxD½xwD þ ði 0:5ÞDxD þ qDjDxDxwD þ ðj 0:75ÞDxD
2
)
ð19Þ
PDðxD;yD;xwD;ywDÞ ¼ 2
ZxwDþ1
xwD1
(X∞
m¼1
qDðaÞ
mp
sin
mpxD
xeD
sin
mpa
xeD
coshmpðyeDjyDywD jÞ
xeD
 coshmpðyeDjyDþywD jÞ
xeD
sinhmpyeD
xeD
)
da ð14Þ
Fig. 2. Variable rate of linear flow in fractures.2.2. Flow model in finite conductivity fractureFig. 3. Relationships between finite conductivity fracture influence function
and dimensionless conductivity.Flow within fracture is assumed to be one-dimensional
linear flow with a variable rate in the x direction (Fig. 2).
The elastic energy in the fracture is ignored because the
volume of the fracture is minute. The dimensionless flow
equation within the hydraulic fracture can be simplified to
stabilize the state equation as follows:
d2PfD
dx2D
þ 2
CfD
qDðxDÞ ¼ 0; ½1 xD  1 ð15Þ
The inner boundary condition is given by
dPfDðxwDÞ
dxD
¼ p
CfD
ð16Þ
After the second integral to xD, Eq. (15) becomes
PwD PfDðxDÞ ¼ p
CfD
24jxD  xwDj  ZxD
xwD
dv
Zv
xwD
qDðuÞdu
35 ð17ÞThe coupling conditions between the fracture and the for-
mation are given byPfDðxDÞ ¼ PDðxD;ywD;xwD;ywDÞ; ½1 xD  1 ð18Þ
The Fredholm integral equation is obtained by substituting
Eq. (14) with Eq. (18). Then again this equation can't be
solved by means of an analytical method. The numerical
method is given as follows: the fracture is divided evenly into
n sections and the flux and pressure of each section are uni-
form. Thus, we can obtain n þ 1 order equations (Eq. (19))
about the flux at each section, qDj (j ¼ 1,2,3 …. ,n), and the
bottom-hole pressure, PwD.
where the flux constraint equation is given as follows:Xn
i¼1
qDi ¼ 1 ð20Þ
The Newton iteration is used to solve Eq. (19). Meanwhile,
the relationship between the dimensionless conductivity CfD
and the dimensionless bottom-hole pressure PwD are analyzed
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that the dimensionless bottom-hole pressure PwD decreases
with the increase of the CfD in the finite conductivity fracture.
Whenever CfD > 1000, PwD tends to be constant, hence, PinfwD,
which is the dimensionless bottom-hole pressure in the infinite
conductivity fracture; this trend is only related to CfD. Through
data regression, the differential function, f(CfD), that is, the
influence function of fracture conductivity is obtained through
Eq. (21). Kindly refer to Fig. 3.f

CfD
¼ 0:95 0:56uþ 0:16u2 0:028u3þ 0:0028u4 0:00011u5
1:0þ 0:094uþ 0:093u2þ 0:0084u3þ 0:001u4þ 0:00036u5; u¼ ln CfD ð21Þwhere the dimensionless bottom-hole pressure in the infinite
conductivity fracture is given byPinfwD ¼ 2
(X∞
n¼1
xeD
n2p
sin np
xD
xeD
sin np
1
xeD
sin np
xwD
xeD
cosh npyeD
xeD
 cosh npðyeD2ywDÞ
xeD
sinh npyeD
xeD
)
ð22ÞIn the subsequent derivations, the one-dimensional (linear)
flow has been assumed within the hydraulic fracture; that is,
the radial convergence of flow towards the wellbore has been
ignored within the hydraulic fracture. Nonetheless, the radial
flow near the horizontal wellbore exists objectively. Therefore,
the skin factor is introduced to calculate the flow resistance.
The formula Ref. [9] is given:
skin¼ kh
kfwf

ln
h
2rw
p
2

ð23Þ
Adding the choking skin to Eq. (22), we obtain the
following solution. This is a good approximation for dimen-
sionless wellbore pressure after the end of radial flow in the
finite conductivity fracture:
PfinwD ¼ PinfwD þ f

CfD
þ skin ð24Þ
That is:P2i P2wf
Qsc
¼ mZT
0:0786kh
8>>>><>>>>:
1
CfD
h
xf

ln
h
2rw
p
2

þ f CfD
þ2P∞
m¼1
26664 xem2pxf sinmpxfxe sin2mpxwxe
cosh
mpy
xeUsing Eq. (25), the productivity of a single transverse
fracture with finite conductivity can be quickly calculated. The
calculation is the basis for predicting productivity of a multi-
stage fractured horizontal well.2.3. Horizontal wellbore modelMultiple transverse hydraulic fractures are coupled with
each other through the pipe flow in the horizontal wellbore.The single-phase pipe flow is considered because the
diameter of horizontal wellbore is far greater than the size of
the flow channel in the formation and fracture. Flow rate in the
horizontal wellbore is changing, hence, the flow pressure is
calculated piecewise. The pressure gradient [14] is given by
dP
dy
¼ f rv
2
2rw
ð26Þ
where the pressure drop of the kinetic energy is caused by the
increase in velocity is ignored.
Through separating variables and definite integral based on
Eq. (26), the relationship between the gas flow rate and
pressure square difference is derived as follows:
P2wfi P2wfi1 ¼ 9 1012
ZTgg
r5w
fidi
 Xn
j¼i
Qscj
!2

i¼ 1;2;/;n;Pwf0 ¼ Pwf
 ð27Þe  coshmpðye  2ywÞ
xe
sinh
mpye
xe
37775
9>>>>=>>>>;
ð25Þ
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number considering the turbulent condition is calculated by
means of Eq. (29).
fi ¼

1:14 2lg

e
1000D
þ 21:25
R0:9ei
2
ð28Þ
and
Rei ¼
177:1gg
Pn
j¼i Qscj
2mrw
ð29ÞFig. 4. Scheme with interference between fractures in fractured horizontal
well.
2.4. Productivity model with the interference between
adjacent fracturesThe interference [15,16] between adjacent fractures hap-
pens very often when the steady state flow or pseudo-steady
state flow appears. For the quantitative evaluation to be easy,
the interference degree, the outer flow boundary for every
fracture is described as an elliptic boundary.
The flow resistance from outer boundary to horizontal
wellbore is given by:
R¼ mZT
0:0786kh
ln
ﬃﬃﬃﬃﬃ
ab
p
rwe
ð30Þ
where a, b is the semi-major axis and semi-minor axis of outer
boundary elliptic, respectively, m; rwe is equivalent radius, m,
and the formula Ref. [17]e[19] is given by:
rwe ¼ 2xf exp
	


3
2
þ f CfDþ skin
 ð31Þ
In combining Eq. (25) with Eqs. (30) and (32) is obtained
by:ln
ﬃﬃﬃﬃﬃ
ab
p
rwe
¼ 1
CfD
h
xf

ln
h
2rw
p
2

þ f CfDþ 2X∞
m¼1
"
xe
m2pxf
sin
mpxf
xe
sin2
mpxw
xe
coshmpye
xe
 coshmpðye2ywÞ
xe
sinhmpye
xe
#
ð32Þwhere
a2 b2 ¼ x2f : ð33Þ
The elliptic boundary size and shape of every fracture can
be calculated by means of Eq. (32) and Eq. (33) where every
fracture spatial location is combined. The interference of every
fracture outer flow boundary is then determined (Fig. 4).
Assuming the flow area of every fracture is respectively A1,
A2,…… An, the intersecting area of adjacent elliptic boundary
is respectively B12, B21, B23, B32, ……B(n1)n, B n (n1), and
the production rate of every fracture is Qsc1, Qsc1, ……Qscn
when the interference between the adjacent fracture is not
considered. According to the principle of flow area [20,21],
every fractures' contribution to the horizontal well productionis proportional to its area of flow boundary; then the actual
production rate of every fracture is acquired:
Qscr1 ¼ A1B21
A1
Qsc1
Qscri ¼ Ai Bði1Þi Bðiþ1Þi
Ai
Qsci ð1< i<nÞ ð34Þ
Qscrn ¼ An Bðn1Þn
An
Qscn
then the production rate of the fractured horizontal well is
given by:
Qscrt ¼
Xn
i¼1
Qscri ð35Þ
By means of Eq. (25) and Eq. (34), the bottom-hole pres-
sure of every fracture and the distribution of pressure in a
horizontal wellbore are obtained.3. Model solution
Assuming the number of hydraulic fractures, n, Eq. (27) is
a nonlinear equation which can be used to quickly and
accurately solve the numerical iteration. The steps are as
follows:
Step 1: The flow rates of the nth fracture, Qscnmax and
Qscnmin, are assumed, therefore,
Qscnmid¼(Qscnmax þ Qscnmin)/2.
Prior Step 2 and 3, the pressure points of the nth fracture
across the horizontal wellbore, Pwfnmax(0), Pwfnmin(0), Pwfnmid(0),
are calculated.
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calculated on the basis of Eqs. (25) and (27).
Step 3: According to Step 2, the flow rates of the ith fracture
are calculated in turn. When that of the first fracture is
calculated, the pressure values of the first fracture across
the horizontal wellbore, Pwf1max(0), Pwf1min(0), Pwf1mid(0), can
be calculated directly.
Step 4: If (Pwf1max(0)-Pwf)  (Pwf1mid(0)-Pwf)<0, then
Qscnmin ¼ Qscnmid, or Qscnmax ¼ Qscnmid.
Step 5: Step 2 to Step 4 are not looped until the precision of
Pwfmid(j) is fulfilled.
Through the preceding steps and the corresponding com-
puter program, the flow rate of every fracture not considering
the interference between adjacent fractures is obtained.
Step 6: Combining Eq. (32) with Eq. (33), the flow area of
every fracture, Ai (i ¼ 1,2, … ,n), their shapes, and loca-
tions are then determined.
Step 7: Through definite integral, the intersecting areas are
obtained. Thereafter, the actual production rates of every
fracture and horizontal well are obtained.
Step 8: Substituting the actual production rates of every
fracture with Eq. (25), the bottom-hole pressure of every
fracture and the distribution of pressure in a horizontal
wellbore are also acquired.
4. Field example
In order for it to be easy to verify the results, the three hori-
zontal wells, namely, the Well WH1, the Well WH2, and theTable 1
Basic parameters of the Well WH1.
Temperature
(T)/K
Original
pressure
(Pi)/MPa
Formation permeability
(k)/(103mm2)
Gas viscosity
(m)/(mPa.s)
385 31.7 0.74 0.023
Table 2
Fractures parameters of the Well WH1.
No. Half-length (xf)/m Permeability (kf)/(103mm2) Width/(wf)/m Heig
1 70 5000 0.01 12
2 40 4500 0.01 10
3 30 3500 0.01 9
Table 3
Production of each fracture in the WH1 under various bottom-hole pressures.
Pwf/MPa/ Qsc1/(104 m3/d) Qsc2/(104 m3/d)
0.1 19.33 18.99
1 19.31 18.97
5 18.87 18.55
10 17.49 17.22
15 15.17 14.97
20 11.87 11.75Well WH3 have been selected as well examples because there
are exists data on the interpretation results and monitored
fracture data in these particularwells. Their fracture stages are 3,
4, and 5, respectively. The Well WH1 had three stages and a
1103 m-horizontal well length that was analyzed in detail. The
control range of the Well WH1 in the well pattern is
1600m 600m, and the other data are shown in Tables 1 and 2.
Whenever Pwf ¼ 0.1 MPa, the interference between adja-
cent fractures and horizontal wellbore friction (HWF) are
considered, the production rates of the three fractures are
Qsc1 ¼ 19.33  104 m3/d, Qsc2 ¼ 18.99  104 m3/d, and
Qsc3 ¼ 1.39  104 m3/d, respectively; the open-flow capacity
of this well is QAOF, is 39.71  104 m3/d. Whenever HWF is
not considered, the open-flow capacity of this well is
42.34  104 m3/d. Meanwhile, the open-flow capacity of this
well evaluated by pressure buildup testing data and Topaze
well test analysis software is 40.72  104 m3/d, which is closer
to the result that considers friction; in addition, the relative
error is 2.49%.
The flow rates of the well, every fracture, and the distri-
bution of pressure in the horizontal wellbore are calculated
under different bottom-hole pressures (0.1 MPa, 1 MPa,
5 MPa, 10 MPa, 15 MPa, and 20 MPa) (Table 3 and Fig. 5).
Table 3 shows that the production rates of fractures increase
from toe to heel of the horizontal well whenever the HWF is
considered. Fig. 6 indicates that the flow area and production
rate of fracture No. 3 decreases evidently because of the
spacing between fracture No. 2 and No. 3. The reservoir near
the toe of the well is invalid, and there is no fracturing.
Therefore, there is no production contribution, and the bottom-
hole pressure in fracture No. 3 is higher in Fig. 6.Gas deviation
factor (Z )
Gas relative
density (gg)
Radius of horizontal
wellbore (rw)/m
Roughness of
wellbore
wall(e)/mm
0.98 0.598 0.076 3
ht/(h)/m Spacing/(d )/m Semi-major axis (a)/m Semi-minor axis (b)/m
143 220 208
310 133 127
38 100 96
Qsc3/(104 m3/d) Qavg/(104 m3/d) Variance
1.39 13.24 70.19
1.39 13.22 70.03
1.36 12.93 66.91
1.26 11.99 57.58
1.09 10.41 43.44
0.86 8.16 26.65
Table 4
Basic parameters of the Well WH2 and the Well WH3.
Well WH2 Wel
Temperature
(T)/K
Original
pressure
(Pi)/MPa
Formation permeability
(k)/(103mm2)
Horizontal well
length (L)/m
Tem
(T)/
387.8 30.5 0.51 505 389
Fig. 6. Discharge area of fractures in Well WH1 when considering interference
between adjacent fractures.
Fig. 5. Distribution of pressure in horizontal wellbore under various bottom-
hole pressures.
Table 5
Fractures parameters of the Well WH2 and the Well WH3.
Well
name
No. Half-length
(xf)/m
Permeability
(kf)/(103mm2)
WH2 1 30 3500
2 30 3500
3 30 3500
4 30 3500
WH3 1 30 1000
2 30 1000
3 55 1500
4 50 1500
5 50 1500
Table 6
QAOF of the Well WH2 and the Well WH3 as well as production of every
fracture where Pwf ¼ 0.1 MPa.
Well
name
Production rate of
every fracture/(104 m3/d)
Open flow rate of well/
(104 m3/d)
No. 1 No. 2 No. 3 No. 4 No. 5 This
results
Well
testing
results
Relative
error/%
WH2 11.48 9.09 8.10 10.37 39.04 36.91 5.8
WH3 5.83 5.74 5.85 4.85 6.17 28.44 25.92 9.7
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the Well WH2 and the Well WH3 is shown in Tables 4 and 5.
Their other parameters are the same to that of the Well WH1.
It is consistent with calculated open flow rates with that of
well-testing interpretation (Table 6).
5. Conclusions
Based on the basic flow principle within porous media, the
whole flow process undergoes three stages according to the gas
flow path from the matrix to hydraulic fracture, and lastly to
the horizontal wellbore. The laws of variable flow in every part
of the three stages are analyzed. Finally, we have presented a
practical analytical model and analyzed three well examples of
a tight gas reservoir. The following conclusions are warranted
from the work presented in this paper:
(1) A single fracture segment is a unit, and all fracture sec-
tions are coupled by variable flow in a horizontal wellbore.
Moreover, the effect of the interference between adjacent
fractures on production and pressure of every fracture isl WH3
perature
K
Original pressure
(Pi)/MPa
Formation permeability
(k)/(103mm2)
Horizontal well
length(L)/m
31.3 0.35 969
Height/
(h)/m
Spacing/
(d )/m
Semi-major
axis (a)/m
Semi-minor
axis (b)/m
11 65 100.2 95.7
10 135 100.4 95.8
9 100 100.3 95.7
7 105 100.0 95.5
8 50 97.6 92.9
8 120 99.6 95.0
8 255 180.6 172.0
8 185 164.7 156.9
8 210 161.7 153.8
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area. Thus, the new equations of predicting productivity
are established and the method of solving the equations
and its process are given.
(2) The open flow rates of three actual gas wells were
calculated through the application of the equations,
which conforms to the result of the well test evaluation.
Additionally, we also quantitatively evaluated the
contribution and effect of every fracture, thus, providing
the theoretical basis for further optimization of the
fracturing design.
(3) The method is suitable for predicting productivity of
horizontal wells with non-uniform fracture system. That is
unequal fracture spacing and fracture layout form, which
is in line with the reality of complicated fracture system
present in tight gas reservoirs. Meanwhile, it can also
analyze the main factors influencing well productivity.
Hence, the new method in this paper has broader prospects
on predicting productivity of a multi-stage fractured hor-
izontal well in the gas reservoir.Foundation item
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PD dimensionless pressure
qD dimensionless fracture production
jD dimensionless length
CfD dimensionless fracture conductivity
Pi original reservoir pressure, MPa
P reservoir pressure, MPa
T reservoir temperature, K
k reservoir permeability, 103mm2
h effective reservoir thickness, m
m gas viscosity, mPa$s
Z gas deviation factor
Qsc fracture production under standard conditions,
104 m3/d
q(x) production of per unit length fracture under standard
conditions, 104 m3/d/m
xf fracture half-length, mkf fracture permeability, 103mm2
wf fracture width, m
d fracture spacing, m
rw horizontal wellbore radius, m
e roughness on horizontal wellbore wall, mm
gg gas relative density
f friction resistance coefficient
Rei Reynolds number
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